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ě 2-1. ďǮƫʫ-3ÑďǮƫ^3ǙŻě 
 
ě 2-2. Ƹ˕ʫ-3ÑďǮƫ^3ǙŻě 
 
-nȖȠ3ɜpďǮƫ fnKǫĽ!G 2*3vh frepfceo1*,ʔƵ!G	="frep
4vc3Ƹ˕˕˜3ʷƫKɸ!	*=Fvc3Ƹ˕˕˜K T.!G.ť(2.2)3D1ɸ#G	 
!!"# = 1! (2.2) 
=&frep4pĊǄ`3ÔƗĖ˒K LÑʼŢK cÔƗĖÖ3ɡʼŢK ng.!G.ť(2.3)
3D1Aɸ#G	 
fn = fceo + n ⋅ frep
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.ɸ#G	- m4Ƭƫ-GEpkZ`3ÔƗďǮƫ˕˜ 4 
 (2.7) 
-ɸ#G	ĬpșƗ4áųŗģť(2.6)-ɸ#GÔƗďǮƫ˕˜DFĭƸ1ʢG	m ȖȠ
-3p3ƗśK ¶ȢK ďǮƫK 3.3ÑÓ¸3ˣĦ4ť(2.7)-ɸ!.-
G	 
! ! = !!!"# !!! − !!!!!!!!!  (2.8) 
pkZ4ćɜp3¶ȢĊǄ±Ɓ3˞FĈ 2 *3p3¶ȢœĽÊ-Ľ=
GƸ1șȏ$3.3¶ȢK !! − !!!! = (2.9) 




! ! ! = !"#! 2! + 1 !∆!! + 2!"#! !∆! + 2  (2.11) 
ť(2.11)DF¶ȢĊǄKɵ)&˝3ŪŢKɸ!˖ƫ4 2! + 1 !∆!3ďǮƫKƔ),G.ʁG.





















 ˥ɚŬËǮėʪ(NPR˸Nonlinear Polarization Rotation)[6].4ŪŢÁķ3ɾŊƍȋKáȐ,
ËÑKėʪ#G.-G	ɾŊƍ.4Ñ²ơ!GĴʠ3ɜʫ.ǝʫ3Ŋƍȋ˄.Ë
Ñ.4ˣȬǮƔ*£1ȡ¥&ˣĦƄÜ.ȬĦƄÜ3¶Ȣ1D),ȏ GA3-G	zMPu




















!! = !!!!!! ,    !! = !!!!!!  (2.13) 
-bdɵÞKȐG.Òņ.Ûņ3ˣȔ}Zo3˖Ã4ť(2.14)-ɸHG	 !! = ! ∙ !! (2.14) 
bdɵÞ4ť(2.15)-ɸHG	 
! = !!"!! !−!∗ !!∗  (2.15) 
3. φ4¶ȢˀŤα4zMPu-3cA. B4zMPu3ɾŊƍ1˖!G 2*3ăíˋK
ɸA 4Ċʫ3ËÑKǚƄ!Gɿɏ˕3Vk|[ÃƫB 4ȡ¥!GËÑKǚƄ!Gɿɏ˕3
Vk|[ÃƫKɸ!	=&SMF1, A. B14ť(2.16)-ɸHG˖ÃG	 
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! ! + ! ! = 1 (2.16) 
ě 2-33_rkZ|1GzMPu3bdɵÞ4ƸʈėFK MCþƸʈėFK MA
.,ť(2.17)(2.18)-ĽɢHG	 
 
ě 2-3. _rkZ|3ǙŻě 
 
!! = !!!!!! !−!∗  !!∗  (2.17) 
!! = !!!!!! !!  −!∗!∗  (2.18) 
3.!! = !!-G	-_rkZ|93Òņ4 E13>zMPuV|3Üōǧ
K!: 1 − ! .¯Ľ!G.|1ÒGÑ E3E44ť(2.19)-EHG	 !!!! = 1 − ! ! !! ! 1 − ! !!0  (2.19) 
3.ɵÞ1G$H%H3Ľƫ4 1 00 1 -ĽɢHGĽ3Ƹ˕-ɸHG.!G	zMP
u3_rkZ|K²ƣ& E3. E44E3’E4’.,V|1ʳFť(2.20)-ɸHG˖
ÃKƔ*	 !!′!!′ = !! 00 !! !!!!  (2.20) 
²ƣƱČþń-GEE3’E4’3ţǜɌ3Č4 E3E4.ȗ0G	ţǜɌ3ČKþʪ#G
14!!!!.!!!!1ť(2.21)(2.22)-ɸHG˖ÃKƔ&#G	 
!! = −1 00 1 !! (2.21) 
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!! = !! −1 00 1  (2.22) 
E3’E4’4V|1,ĈǮHE1’E2’.,ÛņHť(2.23)-ɸHG˖ÃKƔ*	 !!′!!′ = ! ! 1 − !1 − ! ! ! !!′!!′  (2.23) 
ť(2.19)(2.20)(2.23)DFÒņ.Ûņ3ˣĦ3˖Ã4ť(2.24)(2.25)-ɸHG	 !!′ = ! ! 1 − ! ∙ !! +!! !! (2.24) !!′ = 1 − ! ∙!! − ! ∙!! !! (2.25) 
Üōǧ 50:50(! =0.5)3V|3ĦĈ 
!!′ = !!! +!!2 !! (2.26) 
!!′ = !!! −!!2 !! (2.27) 
3|Ñ3ŪŢ·Ȉƃ-í»˥Ȣþ¶Ȣazo(Nonreciprocal Phase Shift)0ĦĈ!! = !! = !KȐ,²ƣ&ˣĦ E2’4ť(2.28)3D1ɸ#G	 
!!′ = !!"!! ! − !∗2 0 −11 0 !! (2.28) 
ť(2.28)DF²ƣ&ˣĦ E2’3ËÑȈƃ4_rkZ|3ɾŊƍ1Áķ0.BA4 E2’
3Ɨś1ŭ˨K0 B 4ŭ˨KG.JG	H4·Ûç- Er ǶèzMPuĨśĖ
(EDFA˸Erbium-doped Fiber Amplifier)K¾)& NALM3ĦĈAƄFȺ*	=&|Ö1 π3
˥Ȣþ¶ȢazoG.(!! − !! = !)²ƣHGˣĦ E2’4ť(2.29)-EHG	 




 3 NALM KǱ&șƗĖ.,8 ĶġÔƗĖKȐ&zMPu`(F8L˸Figure-8 
laser)G[8][9][10]	H4 NALM.NPghKč?ȄƱČ|KV|-ɞ&ǚƄ1
0),G	3ÔƗĖ-3pĊǄí»4ŪŢ3˳vc1ń!G NALM3cň















azoKG˥Ȣþ¶Ȣazh(NRPS˸Nonreciprocal Phase Shifter)G	˥ Ȣþ¶Ȣazh4
ě 2-43D1ǚƄH,G	 
 






Ĉ4ÛņÑ3ËÑƱ¶4ÒņÑ.Ċ -FÑʫ.ÒņÑ3ËÑƱ¶ θ ÌĦĈ4ÛņÑ3ËÑ
Ʊ¶4ÒņÑ1ń 2θėʪ!G	ËÑ3ėʪƱČ3ȗ0G FRK 2*ȐƁ$3˕1 HWPKƘÒ!
G.-ě 2-5 3D1¶Ȣœ π 3˥Ȣþ¶ȢazoKèG.-G[8]	ľ˝14
FR B HWP 4Ǯ˒ÁķŽG&@Ǜ
0ďǮƫƄÜKč?vcKʻ˂#D.!G.$
H%H3ďǮƫ-āG¶Ȣazo3ˏĪJ),=	$-ćďǮƫ-3¶Ȣazo3ˏKŶ






ě 2-5. ˥Ȣþ¶Ȣazh(NRPS)3í»øȍ 












!! ! = 1 + !!!!!!!! − !!!!!!  (2.30) 
3.!!4 jȖȠ3Ô˴ďǮƫ!!4 jȖȠ3Ô˴3ŪŢKɸť(2.30)3đ4ńʜ.,G





! ! = ! ! !! = !! + !! ! − !! + 12!! ! − !! ! +⋯ (2.31) 
3.!!4ť(2.32)-ɸHG	 !! = !!!!!! !!!!              ! = 0,1,2,…  (2.32) 
ť(2.31)3 2 Ǡ3˪=-1vc3²ƣD7$3ƗGɫ1*,ŭ˨ť(2.33)(2.34)-
ɸHG˖ÃKƔ*	 
!! = 1! ! + ! !"!" = !!! = 1!! (2.33) 




! = !!!!! = − 2!"!! !! ≅ − !! !!!!!!  (2.35) 





















 Er ǶèÑzMPuĨśĖ(EDFA˸Erbium-doped Fiber Amplifier)4 Er ǶèzMPu(EDF˸




ě 2-6.  ErǶèÑzMPuĨśĖ(EDFA)3Ǚȕě 
 































ˣǩýǘĵ1ʢĘ!GʒŇÜǘ P ˣĦ E 1ǧ¿00F$3˖Ã4ť(2.36)-ɸHGD1
0G	 ! = !! !(!) ∙ ! + ! ! :!! + ! ! ⋮ !!! +⋯  (2.36) 
3.!!4ȣȸ3ʒˣȋ!(!)4 jǠ3ƂāȋKɸ!	Üǘ P1ń,ɿ0˖K!G34ɚŬ
Ƃāȋ-G!(!)-G	!(!)3ìǎ4Ŋƍȋ!ĎÿÃƫ!1ĀFʱ=H,G	2 Ǡ3Ƃāȋ! ! 4
Ƚ 2˳ʖǮșȏđďǮșȏ0/3˥ɚŬìǎKG	 
 &'! ! ķĞ!G34Üĵ}-3þʪńȲŽ30Ɍ1˙EHG	ȨɯWc4! ! = 0
Kȭ!&@ÑzMPu4ʻŚ 2Ǡ3˥ɚŬìǎ4ȭ0	3Ǡ3Ƃāȋ-G! ! 4Ƚ 3˳ʖǮș
ȏ4ÑǮǵĈ˥ɚŬŊƍ0/3˥ɚŬìǎKG	! ! 4ÑzMPu-ʁEHGǀ·Ǡ3˥ɚŬ
ìǎ-G	¶ȢƬĈƄFȺ*D1őį0˙FȽ 3 ˳ʖǮșȏ4 ÑǮǵĈ.
)&ÑzMPu-ư&0ďǮƫșȏK³D0˥ɚŬ˂ȴʢGȫȋ4·	$3&@Ñz
MPu-ʢG˥ɚŬìǎ3ĭˋÜ4˥ɚŬŊƍ1DGA3-G	˥ɚŬŊƍ.4Ŋƍȋ3ŪŢ









G.áȀG	ʝŘˊâŴ3ǙŻě4ě 2-7 3D10G	3.âŴńʜ AâŴ




ě 2-7. ʝŘˊâŴ3ǙŻě 
 
ě 2-7 1,ÒçÅĆ VinK A È1&ÅĆ.ûȃÅĆ Vref.3œÜKĀFG 3˖ƫK,
ÒçÅĆ3œÜKĀG	3.Vin. Vout.3˖Ã4ť(2.37)(2.38)-ɸHG	 ! !!" − ! !!"# − !!"# = !!"# (2.37) 
!!"# = ! !!" + !!!"#1 + !"  (2.38) 





ě 2-8. 1Ǡ3vczOh3ȇŽKƔ*U||áų 
 
 ě 2-81ɇô0 1Ǡ3vczOh3ȇŽKƔ*U||áųKȭ!	ʝŘˊâŴ1
GâŴŗģ*=FâŴ1DFˠ˧Kƌĝ-GďǮƫŗģ4âŴáų 0 dB =-3ďǮƫŗ
14 
 
ģKƕ!	=&âŴáų 0 dB.0GďǮƫKrmO]PďǮƫ(Unity gain frequency).Đ
8	âŴKG-43rmO]PďǮƫ-3¶Ȣˍɿ-G	ť(2.38)DFáų
ȾÈ®3ĦĈĤǅȜ1ÒçÅĆ4ûȃÅĆ9ʲ+.JG	rmO]PďǮƫ
























ě 2-10. U||áų3ǺĽƱǭ 
3.3 Vout4ť(2.39)-ɸHG	 
!!"# = !1 + !" 푉!" + ! !!"# − !!  (2.39) 
=&2Ȁ ab-3ÅĆ4$H%Hť(2.40)(2.41)-ɸHG	 
! = !1 + !" 푉!" + ! !!"# − !! − !!"# (2.40) 
! = !1 + !" 푉!" + ! !!"# − !! − !!"# + !! 







2.9.1  frep3ĻĽð 
 ť(2.3)DFfrep4ÔƗĖ˒KâŴ!G.1DFďǮƫĻĽð!G.-G.JG	ȸ
˕Ɍ-ǚɆH&`3ĦĈ141ĀF¬&ĝˣɏĵ(PZT)zMPu-ǚɆH&Ô
ƗĖ3ĦĈ14zMPu1SXa0/-ĜĽ& PZT KȐ,âŴKɵ	H4 PZT 1èG
ˣĝKĪð#G.1DF PZT K´ɝ#,âŴKɵ	3Ʊǭ1,ǯƁ!:Ȁ.,
PZTɧʩƔ*ǟǓÔƗķĞ!G.1DF$3ǟǓÔƗ3ďǮƫ®10GDâŴŗģâ
˙HG.-G	¿52.0 mm  2.0 mm  2.0 mm3 PZT3ǟǓÔƗ4Ɏ 550 kHz10.0 
















kHz -G3-$HDFA 1 ǒşƫț kHz ®3âŴŗģŹɿ.0G	$3&@˳ʼ=-
âŴŗģKƔ*ˣǩÑĹɏĵ(EOM)B˧˨ÑĹɏĵ(AOM)KȐG.Ĭ	 
 




03 f-2fŜǷʈ-G	="ÑďǮƫ^3ďǮƫŗģK EDFA-˳Ûçð&ű˳ ˥ɚŬzM
Pu(HNLF˸Highly nonlinear fiber)1ÑKʻ!¢1DFě 2-113D0ďǮƫ1,UZh
{ş)&Ñ(SCÑ)KĀFÛ!	 
 




Ǡ13Ñ3c~Zo3 fmK PPLN(Periodicaly Poled Lithium Niobate)0/1ʻȽ 2˳ʖ
Ǯșȏ(SHG˸Second Harmonic Generation)Kɵ 2fmKų&ű2fm. fn.KŜǷ#ƤµȜ1






ȢĪí3 2ŝğÊ[rad! Hz]-ĽɢHG	ɬȜ14ĤǅǮE3UzekoďǮƫ1G 1 












 ǅȩȷ-Ȑ&pĊǄ`3ǙȕKě 3-1 1ȭ!	pĊǄ`4Ðɵȩȷ[17]-
ȐEH,&A3KȐ&	 
 
ě 3-1. ˥ɚŬËǮėʪKȐ&pĊǄ`3Ǚȕě 
 
áųĴʠ., EDF-G LIEKKIȮ3 ER30-4/125KɎ 3.2mȐ,G	ëʢȐÑǼ14 FITEL



















ě 3-2. ˥ɚŬËǮėʪKȐ&pĊǄ`3c~ZoǮŬ 
 
 
ě 3-3. ˥ɚŬËǮėʪKȐ&pĊǄ`3Ƹ˕ǮŬ 
 
 âŴ1˖,4frep3&@3ÔƗĖ˒âŴȐ1pġ PZT. EOMKȐ,G	pġ PZT



























ě 3-4.  ˥ɚŬËǮėʪKȐ&ÑďǮƫ^3ďǮƫĻĽðľ˲Ɍ 
 
3.2 fceo3ĻĽð 
 fceo3ďǮƫĻĽð4ě 3-53ľ˲ɌKȐ,ɵ)&	 
 
ě 3-5. f-2fŜǷʈ3ľ˲Ɍ 
 






































h(BPF˸ Band Pass Filter)KĪƾ&.1.5 µm3iPZPkZ(DM˸ Dichroic Mirror)
Kư&1ƘÒ&Ȁ-G	fceo3ǖÛ1,SCÑ1DG 1 µm. SHG1DG 1 µm ®ī3Ñ4
ˠ˧10),=3-SNR3ɭ fceoÅĆKĀų!G-«3ÑK PPLNʸ˂űE PD-ā
Ñ!G=-1ĀF˚.4ˍɿ-G	$-¨ėȐ&3 BPF. 1.5 µm3 DM-G	BPF
4òÊÓś(FWHM˸Full Width Half Maximum) 3.9 nm-G SemrockȮ3 LL01-10301Īƾ
!G.-SCÑ1DG 1 µm. SHG1DG 1 µmKDFȉŗģ-ÝFÛ#GD10)&	 
3zOh4Ɏ 1.35 µm®3Ñ4ʸ˂,=3-˳ ďǮ3ÑKˋĀF˚&@1 1.5 
µm 3 DM KȐ&	$3ɔǎųEH& f-2fŜǷʈű3Ñc~Zo4ě 3-6 3D10)&	
3.ʡɚ4ě 3-53 DM. BPFKƘÒ0)&ĦĈ*=F SCÑ. SHGÑǵ)&Ȉƃ
Kɸˤɚ4ě 3-5- PPLN3ã1 1.2 µm – 2.2µm3[vczOhKƘÒ&ĦĈ*=
F SHGÑ3>Kɸ!	 
 
ě 3-6. ˥ɚŬËǮėʪKȐ&ÑďǮƫ^3 f-2fŜǷʈű3 SCÑ. SHGÑ3Ñc~Zo 
 
 $3űPD- SCÑ1DG 1 µm. SHG1DG 1 µm3xoKāÑ&.ISNR·)
&	$-pĊǄ`3ëʢˣǲÊKëʢˣǲÊƟE-=)&.1ʢG
ÔƗĖÖv3Īð1DGËÑȈƃ3ĪðB˥ɚŬìǎ3Īðň0GD1&	=&
PPLN- SHGÑKșȏ#GǮ˒3PK 1030 nmEDF˳v3ųEHG 1015 nm






ě 3-7. ǖÛH&˥ɚŬËǮėʪKȐ&ÑďǮƫ^3 fceoc~Zo 
 
ě 3-7DFâŴKɵ-Źɿ.HG SNR 30 dBK˃Ƅ-,G.J)&&@fceo3
ďǮƫĻĽð3&@3âŴ1ȳ)&	ě 3-4 3D1frep0/ f-2f ŜǷʈ-ǖÛ& fceo®ī3ÅĆ
Kˣǩ LPF-ĀF˚PFD-ae_P`(Synthesizer)EÛçHGûȃÅĆ.3¶ȢœKʓ
œÅĆ.,Ûç!G	$3ʓœÅĆK servo filter1ÒçʓœÅĆ 010GD0ˣĝKÛç
ÔƗĖ3ëʢȐ LD 3ˣǲǼ3Īʖȼĵ.ëʢȐ LD 9ȡƛŘˊ!G.-âŴKɵ),G	
¨ėȐ&ÞâŴ3 servo filterKě 3-81ȭ!	 
 





























3ě 3-83 servo filter-ďǮƫĻĽðKɵ)&c~Zo4ě 3-93D10)&	 
 
ě 3-9. ˥ɚŬËǮėʪKȐ&ÑďǮƫ^3ďǮƫĻĽðű3 fceoc~Zo 
 
3.ûȃÅĆ4 10.5 MHz.&	ě 3-9DF10.5 MHzKŸ.,Ú>(bump)-,
G.Efceo3âŴŗģ4ǮŬ1Ō-G=-3 230 kHz.0FSNRA 30 dBKųEH&¢
JG	3.ǺĽ&U||áų4ě 3-103D10)&	 
 
ě 3-10. ˥ɚŬËǮėʪKȐ&ÑďǮƫ^3 fceoâŴƸ3U||áų 
 





















































ě 3-11.  ˥ɚŬËǮėʪKȐ&ÑďǮƫ^3 fceoâŴƸ3NÜƪ 
 
ě 3-11 1,ʡɚ4âŴƸ3 fceoˤɚ4ûȃÅĆKÛç!Gae_P`3ďǮƫĻĽŢKɸ
!	ě 3-11DFfceo4 1ȱ1,Ɏ 10-93ďǮƫĻĽŢ-G.JG	fceo3ďǮƫ^3
1 *3ɜp3ďǮƫĻĽŢ93Ł4n ʹÈÜ-æG.1DFǪ@EHG	ÑďǮƫ^
3ŸďǮƫ4Ɏ 193 THz -G.E1 ȱ1,Ɏ5.1×10!!"3ďǮƫĻĽŢ93Ł-















































ě 3-12. ȉɚśÑǼ.pĊǄ`3xoÅĆ 
 
ě 3-12 1,ʡɚ4ȉɚśÑǼ3ÑǼ-GīˋÔƗĖġòŇ¸`(ECLD˸External 
Cavity Laser Diode)1ńďǮƫĻĽðKɵ)&˝3ȉɚśÑǼ.pĊǄ`3xoˤ




ɣEHG	ě 3-12DF/(E3ĦĈ-A SNR 25 dB®140),G.J)&&@
âŴKɵ-4ŉʥF0źâŴ4ăɦ-G.ɣfrep3ďǮƫĻĽð3&@3âŴK
ɵ)&	fceoâŴƸ.ĊǛ1ʓœÅĆKų$3ʓœÅĆK servo filter1ÒçʓœÅĆ 010
GD0ˣĝKÛçpġ PZTKí! PZT driver. EOM1Řˊ#G.1DFÞâ





ě 3-13. frep servo filter 
 
3ě 3-133 servo filter-ďǮƫĻĽðKɵ)&c~Zo4ě 3-143D10)&	 
 


































&	ě 3-14DF10.5 MHzKŸ., bump-,G.Efceo3âŴŗģ4 690 kHz
.0),G.JG	SNR4 17 dB. fceo.ǧʬ,·0),=),G	H
4Ï
3ȉɚśÑǼ.pĊǄ`3xoďǮƫ3ɚśĮ.øĘ-G.ɣE
HG	=&âŴ& fceo3ďǮƫĻĽŢKNÜƪ-ʍÂ&ɔǎKě 3-151ȭ!	 
 








































ě 4-1.  ˥ɚŬĨś|KȐ&pĊǄ`3Ǚȕě 
 
ëʢȐ LD 14ŸǮ˒ 976.0 nm -G 3SPTechnologies Ȯ3 FBG ¬òŇ¸`
1999CHP 3CN01351EAKȐ&	áųĴʠ14 EDF-G NUFERNȮ3 PM-ESF-7/125 K 0.9 
m Ȑ&	3zMPu3Üƪ3Ê4 15 ps/nm/km -)&	«3ˋĒ3zMPuAȗŚÜƪ-ǚ
ƄH,G&@3 Ȼ-ʴ:&˥ɚŬËǮėʪKȐ&pĊǄ`.4ȗ0FȗŚÜƪ
3zMPu3>-ÔƗĖǚƄH,G	ě 4-11,∆!.ɸH,G NRPS4OZ OPTICS
Ȯ1ȇǯ-Áˮ& FPR-12-11-1550-8/125-P-P-3&2&3-60-3A3A-1-1-SP:POL/FR:0DEG .ġ
Ȗ3ɽĒK¾Ȑ&	3 NRPSǚƄ4ě 2-43ǚƄ.Ċ -ě 4-23D0 1*3Veko10)
,G	Õ¸Ȝ14FRPolarizer^hdzMPu!-1ȼ-ĜĽH$3
˕1ėʪ#EHG HWP. QWPÒ)&A3.0),G	 
 
ě 4-2. ľ˝3 NRPS 
 
ćzMPuˋĒKɴȤ,ɞÔƗĖ˒4Ɏ 4.5 m.0)&	$3ű NRPSKʖƬ&ɔǎųE












ě 4-3. ˥ɚŬĨś|KȐ&pĊǄ`3Ñc~ZoǮŬ 
 










ǉ°4axN-Fȇ1 self-start1˖,4 QWP-3ŶʖƬˍɿ-G	 
 







4-43D0Īʖ4ʁEH0)&.EAàƯ-G	ě 4-541ȠȞF&F 100 ns3˕˜
-ʁ&.3Nq[Uac^|3ǮŬKȭ!	 
 
ě 4-5. Nq[Uac^|-ȫʑ&Ƹ˕ǮŬ 
 
ě 4-4ě 4-5/(E-AʁEHGyZű3Ō4pĊǄ`3ÛçKāÑ,G PD-
3þņøĘ-G	 
 =&pĊǄ`3ÛçKāÑ& PD -3ˣĝK RF c~ZoNqP`1Òç
!G.-ųEHG frep3c~ZoǮŬ4ě 4-63D10)&	 
 
ě 4-6. frep3c~ZoǮŬ 
 















 3pĊǄ`KșƗĖ.,ě 4-83D0ǚƄ-3ďǮƫĻĽðKɵ)&	 
 










































 fceo3ďǮƫĻĽð3&@1="4ě 2-6.Ċ ǚƄ- EDFAK»Ƅ&	ëʢȐ LD14FITEL
Ȯ3Ǯ˒ 976 nm 3 FBG ¬òŇ¸`FOL0909A55 KȐ&	EDF 4 LIEKKI Ȯ3
Er30-4/125KɎ 3 ˹Ȑ&	3 EDFA3ǀĭÛç4pĊǄ`3ŸǮ˒-G 1565 
nm- 105 mW-)&	3 EDFAKʻ˂ű3ÑKȐ,ɧŔȢ˖ǮŬKĀų$3ǮŬE
vcśKǪ@&	ʣȧvc3vcś4PD -ˣǩȜ0ÅĆ3Ƹ˕ǮŬE4Ǫ@G.-




ě 4-9. ɧŔȢ˖ʈ 
 ě 4-9 1Ǭ),ɧŔȢ˖Ɍ3ʔƵK!G	="ÒņÑ3ËÑK QWP -ǀˇð&űxc
|kh(BS : Beam Splitter)- 2*1Ü$H%H3ÑKozZh(reteoreflector)1Òņ
#G	3.ȄƱ3ozZh4ˣí3ȳícmb1ĜĽH,Fˣí-cm
bKƙŦ!G.1DFȄƱ3Ñ'Ƹ˕ˀŤKȏ #G	Ǡ1ÜEH&ÑK 1Ǎ3d



















ě 4-10. EDFAű3ɧŔȢ˖ǮŬ 
 
ě 4-10DFȢ˖ś∆τ4 528 fs-G.J)&	3∆τEvcś4®3ť-Ǫ@E


















ě 4-11.  ˥ɚŬĨś|KȐ&ÑďǮƫ^-3 f-2fŜǷʈ 
 
$3ɔǎųEH& f-2fŜǷʈű3Ñc~Zo4ě 4-123D10)&	3.ʡɚ4ě 4-11
3 DM. BPFKƘÒ0)&ĦĈ*=F SCÑ. SHGÑǵ)&ȈƃKɸˤ ɚ4ě 4-11
- PPLN3ã1 1.2 µm – 2.2µm3[vczOhKƘÒ&ĦĈ*=F SHGÑ3>Kɸ!	 
 
ě 4-12.  ˥ɚŬĨś|KȐ&ÑďǮƫ^-3 f-2fŜǷʈű3 SCÑ. SHGÑ3Ñc
~Zo 
 
3.pĊǄ`3ëʢˣǲ4 271.7 mAEDFA3ëʢˣǲ4 750.0 mA-)&	
=&PPLN- SHGÑKșȏ#GǮ˒3P4 1020 nmKȐ&	ě 4-12DFSCÑ1DG
1 µm. SHG1DG 1 µm/(E3ÑAÛņH,G.ȫʑ-&3-HNLFű3 SMF3
˒Kǀˇð!G.1DFhP[ɼÍKɵ)&	UZh{Ñ.,ųEH&vc4j







































ě 4-13. j|1DGvcÖ-3Ǯ˒ƄÜ3Ƹ˕Ȝ0"H 
 
3hP[ɼÍ1èMode-locked laser 3ëʢˣǲÊEDFA 3ëʢˣǲÊËǮ^o
-3ĝçB62FHWP,QWP3ėʪʅKʖƬSCÑ1DG 1 µm. SHG1DG 1 µm3
xoďǮƫ3 SNRČKɵ)&	$3ɔǎKě 4-141ȭ!	 
 
ě 4-14. ǖÛH&˥ɚŬĨś|KȐ&ÑďǮƫ^3 fceoc~Zo 
 














ě 4-15. ·ʼâŴKɵ)&˥ɚŬĨś|KȐ&ÑďǮƫ^3 fceoc~Zo 
 
3.ae_P`EÛçHGPZǮKûȃÅĆ., LD pPu3ĪʖȼĵKȐ




$3ɔǎųEH&U||c~ZoKě 4-16fceoc~ZoKě 4-171ȭ!	 
 






ě 4-17. ÞâŴƸ3˥ɚŬĨś|KȐ&ÑďǮƫ^3 fceoc~Zo 
(a) 20 MHzcv    (b) 1 MHzcv 
ě 4-16DFâŴŗģ 100kHz-G.JG	¶Ȣºɻ4 20Ţ-G&@șƗ









frep3ďǮƫĻĽð4ě 4-18 3ľ˲ɌKȐ,ɵ)&	ÑďǮƫ^3 SC Ñ.QɏĻĽð`
.3xoÅĆKĀų$3ďǮƫKĻĽð!G.1DF frep3ďǮƫĻĽðKɵ	¨ ė4
QɏĻĽð`3­JF1ôp3 1030 nm Fiber DFB`KȐ&	 
 



























ě 4-184ě 4-83 1030 nm Fiber DFB`.3xoǖÛˋÜKʐɐ1ȭ&ě-G	Vk
oUzǮ˒1180 nm3aovczOh(SPF˸ Shortpass Filter)4ThorlabsȮ3DMSP1180






ě 4-19. ÑďǮƫ^3 SCÑ. 1030 nm Fiber DFB`3xoÅĆ3Ñc~Zo 
(a) 700 nmcv  (b) 50 nmcv 
 
ě 4-19 (a)DFzOh1DF 1030 nm ®ī3Ǯ˒3ÑǸɹ,G.JG	=&ě
4-19(b)DF1030 nm-ÑďǮƫ^3 SCÑ. Fiber DFB`3Ñˍ0),G.J
G	HE3ɔǎDFxoÅĆųEH,GăɦŽ˳.àƯ&&@PD -ÑďǮƫ^


















ě 4-20DFxoÅĆ3 SNR 15 dBųEH,0.JG	H4āÑˋÜ1
,Fiber DFB`3Ûç 1.89 mW-G31ńÑďǮƫ^3 SCÑ3Ûç 5.4 µW
0.øĘ-G.ɣEHG	SNRKČ#G14ƱA4/(EȄƱ3Ñ3
ŪŢKG.Źɿ-G	Fiber DFB`3ÛçKG.ɇô'3ÛçK
G.ě 4-20 3 08 MHz 1ķĞ!Gˠ˧Ĩè!GăɦŽ˳ˠ˧3ďǮƫŗAşGă
ɦŽG&@ˇ ,0.ɣEHG	H4¨űQɏĻĽð`.3xoKĀG˝
QɏĻĽð`3Ûç Fiber DFB `3ÛçDFA·0GăɦŽG.EA
ˇ,0.ʇG	$3&@ÑďǮƫ^3 SCÑ-ųEHG 1030 nm3Ñ3ŪŢKG
.Źɿ-G	HKľȌ!G&@14EDFA-DFpĊǄ`3Ûç-GvcǮ
KĨś!G.Źɿ-G	ȌĞ4 4.5 m3 EDFK 976 nm3 LD-űƱëʢ!G.-vc
ǮKĨś#,G	$3 EDFA3 EDF3˒K´5ýƱČëʢɌ1Īƾ!G.A4˒
























~Zoü7 Fiber DFB`.3xoÅĆAȫʑ&;ɭ.ɣG	HNLF 1G
˥ɚŬìǎ3ʁȶAF4ˢFiber DFB`.3ËÑ3ˍ2ĈJ#4ľ˝1ȫʑ0H
5JE0.ĬE-G	 



















șƗĖ.,!!"#3âŴKɵ)&	$3ɔǎ¶ȢĊǄKɵ),0Ȉƃ- SNǧ 30 dB®3!!"#
ųEH&A33ÞâŴƸ4ȉȹð,ųEHGÅĆ3 fceoyZB_Pp3u|KʄǺ!G
.4-0)&	 
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